Introduction
During the conservation of the declining population (Alonso 2014 ) of the globally threatened Great Bustard (Otis tarda), it is inevitable to possess information on one of the most important segments of its feeding ecology, the trophic relations.
The former, general ornithological monographs , Morales & Martín 2002 address the diet of Great Bustard. In a previous work, Faragó (1986) detected 114 plant and 155 animal taxa as Great Bustard food on the distribution area of Otis tarda tarda, mostly based on bromathologic investigations collected by hunting. In many cases, the authors have provided only the family names of plants or animals, and the more precise classification was not possible as a result of the digestibility. Since our knowledge on this topic has increased, mostly because of the examination of faeces and many other new data found in specific literature resources, we have found it adequate to provide an overview on the bustard's diet spectrum.
Material and methods
The basis of the classification of the food list was given by the following publications, in which well-defined plant and animal taxa were shown for the Great Bustard. The publication years of these papers range 1781 and 2018. The study locations of these articles are as follows, listed by countries.
in previous investigations, we also give both the scientific and the well-known synonyms as a compromise solution. However, we also give the source-publication as well in the case of each taxon.
In the case of the food list for plants, we declare the spectrum of the species in terms of cultivated plant, wild plants and weeds and then we give the family names -within that -in alphabetical order. In relation with plants, we use the Király (2009) nomenclature.
In the animal food list -due to its different particularity of taxonomy -we also share the ranging of phylum, classis, ordo, family, genus and species. Within orders (ordo) we give taxa in alphabetical order (including family, subfamily, genus and species). In relation with Coleoptera we have used the names of Merkl and Vig (2009) .
Result Plant diet of Great Bustard

Cultivated plants consumed by Great Bustard
Allium sativum -Spangenberg (1951), Avena sativa -Gil-Lletget (1945), Mansfeld (1958) , Fodor et al. (1971) , Suárez (2002) Beta vulgaris -Chernel (1899), Dangel & Winkler (1971) , Glutz et al. (1973) , Brassica napus -Chernel (1899), Rörig (1900) , Nečas & Hanzl (1956) , Mansfeld (1958) , Gewalt (1959) , Fodor et al. (1971) , Glutz et al. (1973) , Sterbetz (1977) , , Isakov & Flint (1989) , Gooch et al. (2015) , Raab et al. (2015 ) Brassica juncea -Gooch et al. (2015 Brassica nigra , , Bravo et al. (2016 ) Brassica oleracea -Jourdain (1948 , Mansfeld (1958) , Glutz et al. (1973) , , Suárez (2002 ) Brassica rapa -Jourdain (1948 , Mansfeld (1958) , Glutz et al. (1973) , ) Cicer arietinum -Palacios et al. (1975 , , Bravo et al. (2012) , Bravo et al. (2016 ) Citrullus lanatus -Hellmich (1995 Cucurbita pepo Eruca vesicaria , , Morales & Martín (2002) , Bravo et al. (2016 ) Fragaria ananassa -Gewalt (1954 Helianthus annuus , Sterbetz (1977) Hordeum sativum -Stegman (1906) , Mansfeld (1958) , Fodor et al. (1971) , Gooch et al. (2015 ) Hordeum vulgare -Lucio (1985 , Lane et al. (1999) , Bravo et al. (2012) , Bravo et al. (2016) Lens culinaris - Palacios et al. (1975) , S. Faragó Lupinus angustifolia Medicago sativa - Mansfeld (1958) , Fodor et al. (1971) , Glutz et al. (1973) , , , , Isakov & Flint (1989) , Lane et al. (1999) , Bravo et al. (2012) , Gooch et al. (2015) Olea europaea , Redondo & Tortosa (1994) , Suárez (2002) , , Delibes et al. (2012) , Bravo et al. (2016 ) Onobrychis viciifolia -Mansfeld (1958 , Fodor et al. (1971) , Glutz et al. (1973) , ) Oryza sativa -Fodor et al. (1971 Panicum miliaceum -Stegman (1906), Fodor et al. (1971) Papaver somniferum - Mansfeld (1958) , Fodor et al. (1971 ) Phaseolus vulgaris -Stegman (1906 Pisum sativum -Jourdain (1948) , Nečas & Hanzl (1956) , Mansfeld (1958) , Fodor et al. (1971) , Glutz et al. (1973) , , Bravo et al. (2016 ) Prunus domestica -Glutz et al. (1973 Raphanus sativus -Mansfeld (1958), Glutz et al. (1973) , Ribes rubrum Secale cereale - Mansfeld (1958) , Fodor et al. (1971) Sorgum sp. Trifolium sp. -Jourdain (1948) Trifolium pratense - Mansfeld (1958) , Fodor et al. (1971) , Glutz et al. (1973) , ) Trifolium repens -Mansfeld (1958 , Fodor et al. (1971) , Glutz et al. (1973) , ) Triticum sp. -Palacios et al. (1975 Triticum aestivum -Chernel (1899), Bodnár (1924) , Gil-Lletget (1945) , Nečas & Hanzl (1956) , Mansfeld (1958) , Fodor et al. (1971) , Palacios et al. (1975) , Sterbetz (1977) , , Lane et al. (1999) , Gooch et al. (2015) , Bravo et al. (2016 ) Triticum turgidum -Suárez (2002 Vicia sativa - Bodnár (1924) , Fodor et al. (1971) , , Lane et al. (1999) , Bravo et al. (2012) , Bravo et al. (2016 ) Vitis vinifera -Gil-Lletget (1945 , Palacios et al. (1975) , , Lane et al. (1999) , Suárez (2002) , Bravo et al. (2012) , Bravo et al. (2016 ) Zea mays -Stegman (1906 , Mansfeld (1958) , Fodor et al. (1971) 
Wild plants and weeds consumed by Great Bustrad
Dicotyledonopsida
Fagaceae
Quercus sp. Quercus coccifera -Spangenberg ( Tanacetum vulgare -Mansfeld (1958), Glutz et al. (1973) , Taraxacum sp. , , , Isakov & Flint (1989) , Lane et al. (1999) Taraxacum officinale -Mansfeld (1958), Fodor et al. (1971) , Glutz et al. (1973) , Palacios et al. (1975) , , Bravo et al. (2012) , Gooch et al. (2015) , Bravo et al. (2016) Thrincia sp. , Thrincia hispida Thrincia hirta Tolpis ( 
Other ingredients in the stomach of Great Bustard
For digestion, the Great Bustard swallows pebbles and quartz pieces so-called gastrolits even as chicks. Besides, Hennicke (1905) mentioned coins, Gewalt (1959) mentioned metal pieces and relatively large pieces of rubber. According to Nečas and Hanzl (1956) , some other indigestible objects such as glass splinters, pieces of china also occur in the Great Bustard's stomach regularly. According to Moltoni (1968) in the county of Vicenza, Italy, the stomach of a shot-down young male Great Bustard also included a piece of ceramics, and a strongly corroded German 2 Pfennig coin. Sterbetz (1977) found gastrolits in the stomach of three bustards out of 16. In one of these, there was a tile fragment with three cm diameter, in the other there were 2 pebbles of 6 and 10 mm and in the last one a pebble of 30 mm showed up. We conclude that the gastrolits assist in digestion by the fragmentation of the food.
Discussion
We have detected 272 plant and 217 animal, altogether 489 taxa as Great Bustard diet based on data received from 9 (10) countries for Otis tarda tarda area: (Portugal, Spain, United Kingdom, Germany, Austria, Slovakia, Hungary, Ukraine, Kazakhstan, former Soviet Union). Out of 272 plant taxa, there were 40 cultivated plants, 232 wild plants and weeds. From the latter, 43 taxa were monocotyledons and 189 were dicotyledons. The families of wild plants and weeds taken, in succession were as follows: dicotyledons (30 families) -Asteraceae/Compositae (59 taxons), Fabaceae/Papillionaceae (26), Brassicaceae (22), Cariophyllacae (11), Apiaceae/Umbelliferae (9), Boraginaceae (8), Poligonaceae (5), Plantaginaceae (5), Chenopodiaceae (4), Geraniaceae (4), Scrophulariaceae (4), Rubiaceae (4), Dipsacaceae (3), Ranunculaceae (2), Papaveraceae (2), Rosaceae (2), Primulaceae (2), Convolvulacae (2), Lamiaceae/Labiatae (2), Fagaceae (2), Amaranthaceae (1), Resedaceae (1), Linaceae (1), Euphorbiaceae (1), Malvaceae (1), Onagraceae (1), Plumbaginaceae (1), Solanaceae (1), Orobanchaceae (1), Valerianaceae (1), Campanulaceae (1). Monocotyledons (4 families) -Poaceae/Gramineae (36 taxons), Colchicaceae (4), Alliaceae (2), Juncaceae (1).
Animal food is shared among Annelida (3 taxa), Arthropoda (189) Mollusca (2) and Vertebrata (23) phyla. Arthropods are mostly represented with Insecta (181), Arachnoidea (3), Chilopoda (2), Diplopoda (2), and Crustacea (mostly Isopoda) (1) classes.
The orders of Insects based on the regularity of taxon-numbers are as follows: Coleoptera (134), Orthoptera (12), Lepidoptera (10), Hemiptera (13), Mantidea (3), Dermaptera (3), Hymenoptera (3), Diptera (2), Homoptera (1).
The phylum of Vertebrates is represented by all the four terrestrial classes: Mammalia (8 taxa), Aves (7), .
Considering the high number of 489 taxa taken as food, we definitely need to regard Great Bustard as a generalist species. The Bustard's great adaptation ability is the base and evidence of the wide spectrum of the consumed plant and animal taxa.
The cited, detailed publications also have shown that the volume of certain taxa in total, seasonally and also in various age-groups were different. This means that the inner rates of diet components constantly change.
Young Great Bustard chicks, but even older ones, consume fresh shoots, crops and seeds of plants. During the period of reproduction of female Great Bustards, "grazing" cannot be observed, which in contrast, is a charasteristic type of behaviour in males. However, they consume more insects. During mating season, male Great Bustards feed on animals in a large proportion. Hens can very often digest rough plant parts and seeds. They defecate them even without digestion (Gewalt 1959) .
In Spain, according to the examinations of Palacios et al. (1975) , 90.2% of the volume of spring was plant food. Most of plant diet was represented by the families of Compositae/ Asteraceae (51.3%), a Fabaceae (11.4%), a Cruciferae/Brassicaceae (11.4%) and Gramineae/Poaceae (9.3%). In diet composition made up by Arthropoda, coleopterans (Scarabaeidae, Curculionidae, Tenebrionidae and from the Meloidae family) dominated by 95.50%. In the summer diet, the importance of green plant parts was decreasing, however, seeds of grains and Arthropods increased (Mantidae, Orthoptera and Formicidae). In the autumn aspect, comparing the summer one, there was no significant difference, but the consumption of cultivated plants was increasing. The rate of Orthoptera in the diet remained unchanged at the same time (Locustidae, Gryllidae), just like in the case of Hymenoptera (Formicidae). In the winter period, similarly to that of spring, the green plant parts dominated, though the animal diet was practically missing.
Based on the investigation of stomach content and summer/winter faeces, analysed the diet of Great Bustard, collected at the Duero Basin. During the whole year, alfalfa played an important role, though at the end of summer and in winter the seeds of winter wheat and winter barley, grapes and Papilionaceae dominated the diet. Besides cultivated plants, he detected the presence of 35 species belonging to the following families: Compositae/Asteraceae (8 species), Gramineae/Poaceae (8 species), Cruciferae/ Brassicaceae (6 species), Boraginaceae (3 species), Caryophyllaceae (2), Ranunculaceae (2), Plantaginaceae (1), Euphorbiaceae (1), Scrophulariaceae (1), Umbelliferae (2) és Juncaceae (1). In the spring season, most of the animal food in the investigated stomachs was Coleoptera (97.16%) -within that mostly Tenebrionidae, Meloidae, Chrysomelidae -and Heteroptera. Out of the faeces collected during the summer period, coleopteras, hymenopteras and heteropteras were shown to be present with 20-47% frequency, though in winter Arthropoda was only possible to make out in one out of ten faeces.
The diet spectrum of a Northwest Spanish Great Bustard population was analysed based on faeces investigation by Lane et al. (1999) . The analysis considering the data of the whole year, detected 65 plant species -some of them lacking in earlier analyses -in the course of consumption of summer, winter and autumn. The ratio of green plant parts referring to dry material was 48.4%, and seeds in August 10.6%. In the second half of summer, there were seeds of winter wheat and winter barley in the faeces. In the course of the whole year, alfalfa was the most chosen food component and types of grass were preferred to a lesser extent only. Besides plant food, the specimens of 8 Insect orders were found in the faeces, out of which Coleoptera, Hymenoptera and Orthoptera were available in the largest number and ratio. They consumed coleopteras during the whole year although ortopteras were eaten, in a smaller amount than they were disposable. Hymenopteras in May were of less significant, they were consumed mostly in September and November.
Based on the investigation of stomach content of young bustards, Bravo et al. (2012) concluded, that diet -referring to dry material -was 33% arthropods, 30% green plant material and 23% seed. Gastrolits in stomachs were only be found in summer and autumn. Food components changed by aspects. In summer, they consumed mostly arthropods (50%), green plant parts mostly in wintertime (56%). The volume and the average size of the Arthropod component -in the case of males -were larger than that of females, but there was no significant difference between sexes. In winter, weeds, Papilionaceae, seeds of cultivated plants dominated, although grain types were preferrably consumed and the seeds of these (wheat, barley) were of great importance during autumn and winter.
Based on faeces samples of 299 hens and 320 cocks, Bravo et al. (2016) investigated if there was a sex-specific difference between the food spectrum, diversity and the degree of overlaps of food spectra and size of Arthropod preys, working at 9 Spanish Great Bustard sites. They confirmed that both sexes were mainly herbivorous and they particularly consumed papilionaceous plants, if available. Males fed on less Arthropod diet than females, but at the same time, the size of those are significantly larger than in the case of females. The diet of males shows a bigger diversity than that of the hens, though except for the period after mating. The overlap in food between sexes was found to b 0.7, which is one of the smallest rates in the case of birds. The investigation has shown that in relation with the sexual dimorphism of particular scales, the difference between the sexes' dietary niche can be explained by the dissimilar reproduction role of Great Bustard males and females.
In southwest England, Gooch et al. (2015) examined the diet of the reintroduced Great Bustards on free territories, both in the time of without feeding and in the time of supplementary feeding (October-December). In the course of the investigation of the faeces sample, they used the method of microhystology. The ingredients of the food were formed in the function of plant availability and the period of phenology. Animals of lower orders were rarely made evident as food. The main food were green part and seeds of cultivated plants such as rape, mustard, barley, at the same time the monotocyledonous and dicotyledonous weeds were only of second importance (25%).
Benchmark investigations were made in Kazakhstan (Rjabov & Ivanova 1971) -adult (n = 25) and juveniles (n = 12) birds -analysing stomach content. Among the listed taxa, there were 25 plant species; considering one stomach, it was usually dominated by 2-3 species and 25 specimens, on average.
The great value of the investigation is that it provided the relations of volume as well. Accordingly, in the case of adult birds the relation of animal and plant food was found to be 37.8 : 62.2 volume %, though in the case of chicks it is 96.5 : 3.5 volume %. They have shown that from May to August, Great Bustards shifted from the dominance of plant materials to insect food, gradually. One of the reasons of this is that in nature, the availability of insects is increasing and that of plant decreasing, however, before migration (on the investigated area the Great Bustard is a regular migratory bird) the organism is required to accumulate protein and fat. At the same time, there is an interesting statement by declaring that with the increase of nutritional value, the fullness rate of the stomach was decreasing. The Great Bustard's ability to subsidize the inefficient quality of food with quantity is regarded to be positive adaptation ability by the authors. When the bird consumes food of low energy value (plants) it consumes a large quantity of that. From food of big nutritional value they consume only moderately. The mixed food makes it possible for Great Bustards to turn from food of one type into another one and they are capable of doing so quite quickly. The animal food for Great Bustards contains protein of 13-30%, though in the case of plants it is 3.5-5.3%. By aging, protein consumption for the body volume is decreasing; at the end of growing protein consumption nearly stops and in the case of adult specimens nitrogen-balance comes into place. It might be observed that out of the feeding birds with different ages, younger ones rather have animal, older ones plant food. The diversified component of these diet guarantees all the amino-acids needed for protein-synthesis.
To summarize, we can declare that in the food of young Great Bustards animal food, in the older ones plant food is dominating. The component of diet is possibly not related to selection, rather to the abundance of it and the change of availability recepectively to the ever present demand for animal food.
Simultaneously, it is important to concluce that it can de explained with a wide plant and animal food spectrum (richness) that Great Bustards even in intensive agricultural habitats can find food with indispensable quantity and quality. This is improved by the fact that neither in Europe (Kollar 1996 , Nagy 2009 , Alonso 2014 nor regional (Kollar 2001 , Faragó 2004 , Bankovics 2005 , Alonso & Palacín 2009 , Spakovszky et al. 2011 , Vadász & Lóránt 2014 , Faragó 2018 ) level can we find the lack of food among the endangaring factors for the globally threatened species as opposed e.g. to Grey Partridge (Perdix perdix) for instance (Potts 1986 (Potts , 2012 .
